The effects of fetal pancreatectomy on the growth and metabolism of the fetal sheep were 
INTRODUCTION
Many recent studies indicate that insulin is a major growth-promoting hormone in the fetus Gluckman & Liggins, 1984) . Infants of diabetic mothers are large at birth while diabetic infants or infants with pancreatic agenesis have reduced birth weights (see Pedersen 1975; Hill, 1982) . Experimental hyperinsulinaemia in utero produced by insulin infusion also increases birth weight in the rat, rabbit and monkey and alters the weights of specific organs in the fetal pig (Picon, 1967 : Susa, McCormick, Widness et al. 1979 Fletcher, Falconer & Bassett, 1982; Garssen, Spencer, Colenbrander et al. 1983 ).
Much less is known about the effects of insulin deficiency on body size and organ weights of the fetus (see Hill, 1982) . Fetal hypoinsulinaemia induced with diabetogenic drugs reduces body weight in fetal rabbits but has more variable effects on body and organ weights in fetal lambs and monkeys (Cheek & Hill, 1975; Harding, Young & Possamayer, 1975; Brinsmead & Thorburn, 1982) . Insulin deficiency pro¬ duced by ablation of the fetal pancreas has a more consistent effect on reducing body weight at delivery but no information is available on the organ weights or rate of growth in these fetuses, despite their abnor¬ mal metabolic environment (Felix & Jacquot, 1976; Fowden & Comline, 1984) . In the present study the effects of fetal pancreatectomy on body size and specific organ weights have been investigated in fetal sheep during the last third of gestation. The extent of the metabolic disturbance caused by pancreatectomy and the effect of insulin in restoring the normal metabolic status of these fetuses were also examined. and 120 days of gestation using the surgical pro¬ cedures described previously (Fowden & Comline, 1984) . The mean weight of pancreatic tissue removed from these fetuses was 916 + 41 mg, which accounts for about 90% of the fetal pancreas at this gestational age (Fowden & Comline, 1984) . Sham-operations in which the pancreas was exposed but left intact were carried out in 17 fetuses between 115 and 123 days of gestation. The remaining 33 fetuses had no abdominal surgery. Catheters were inserted into the fetal dorsal aorta and caudal vena cava and into the maternal aorta of all the animals, using the surgical techniques described by Comline & Silver (1972 (Nathanielsz, 1976 reported previously (Comline & Silver, 1972; Fowden & Comline, 1984) . The plasma concentration of insu¬ lin was measured by a double-antibody radioimmuno¬ assay (Hales & Rändle, 1963) using crystalline ovine insulin as standards (Eli Lilly & Co., Indianapolis, IN, U.S.A.; Lot .615-112 -108-). The detailed pro¬ cedures and specificity of the assay have been pub¬ lished previously (Fowden, 1980) . The intra-and interassay coefficients of variation were 10-6 and 16-7% respectively and the minimum detectable quan¬ tity of insulin was 20 pmol/1. The methods used to measure the plasma concentration of glucose, lactate, fructose and ct-amino-nitrogen have been described previously (Fowden & Comline, 1984) .
Statistical analyses
Means and standards errors have been used through¬ out and statistical analyses were made according to the methods of Armitage (1971) . The (Fig. 3) . The mean initial plasma concentrations of glucose, lactate, fructose and a-amino-nitrogen were 1-08 + 013 mmol/1, 3-10 + 0-36mmol/1, 6-53±0-92mmol/1 and 9-77+ 102 mmol/1 respectively (n = 6). These concentrations were reduced significantly by 3 h after beginning the infusion and reached values similar to those observed in intact fetuses by 24 h of infusion.
All four metabolite concentrations returned to their preinfusion values within 24 h of ending the infusion (Fig. 3) . The arterial p02 and oxygen content also fell significantly during insulin infusion; the mean reductions at 48 h were 0-24 + 0-05 kPa and 0-45 ±0-14 mmol/1 respectively (w (Alexander, 1974; Robinson, Kingston, Jones & Thorburn, 1979) . This suggests that the growth of the soft tissues is affected more readily than that of bone when the supply of nutrients to the fetus is restricted in any way.
Pancreatectomized fetuses appeared to maintain a normal growth rate for about 5-10 days after surgery but showed no further signficant increase in body weight thereafter. As insulin levels fall within 24 h of pancreatic ablation (Fowden & Comline, 1984) , the present findings suggest that the cellular effects of insulin may last for several days after the circulating level of insulin has become undetectable. The mech¬ anisms by which hypoinsulinaemia leads to a reduced growth rate have not been identified fully. Placental mass is determined well before the age at which the fetuses were pancreatectomized (Bancroft, 1946) and there was no significant difference in placental weight between the intact and pancreatectomized animals. However, the umbilical uptake of glucose is reduced in pancreatectomized fetuses and there are also changes in the fetal plasma concentration of the somatomedins in these animals (Fowden, Silver & Comline, 1986; Gluckman, Fowden, Butler & Comline, 1985) .
The growth retardation observed after pancrea¬ tectomy did not affect the weight of the fetal brain. A similar sparing effect on the brain has been found in sheep fetuses in which growth is retarded by thyroi¬ dectomy, placental insufficiency and maternal malnu¬ trition (Emmanouilides, Townsend & Bauer, 1968;  Creasy, Barrett, de Swiet et al. 1972; Hopkins & Thorburn, 1972; Alexander, 1974; Robinson et al. 1979 ). These observations indicate that the require¬ ments for cerebral growth are met preferentially whatever the prevailing fetal endocrine or metabolic environment. Of the other fetal organs, only the spleen and thymus were significantly reduced as a proportion of body weight after pancreatectomy. Relatively small thymuses and spleens are also com¬ mon in other types of fetal growth retardation and depletion of the thymic tissue has been observed in a growth-retarded human infant with pancreatic agene¬ sis (Alexander, 1974; Dodge & Laurensen, 1977; Gluckman & Liggins, 1984) . The explanation for the reduced growth rate of these specific organs remains obscure.
The present study confirms the initial findings of high fetal metabolite concentrations after pancrea¬ tectomy (Fowden & Comline, 1984) and extends those observations to show that the extent of the metabolic disturbance is related to the degree of hypoinsulin¬ aemia produced by pancreatic ablation. The close correlations observed between the log plasma insulin
